the corresponding residuals. In sumo discs thus simple expedient is not available; and approximate values must be assigned to tho 73's on theoretical grounds, depending on tho, nature of the measurements; or more or loss extensive oxpc.rinumUl investigations must bo undertaken In determine their values more precisely.
Such investigations arc so various in character and their utility depends so much on the skill and ingenuity of the experimenter, that a detailed general discussion of them would bo impossible. They may be illustrated by the following very common case. Suppose that one of tho components in equation (120) represents the gradually changing temperature of :i bath. In computing .TO wo must use the thermometer reading ot taken at tho time the other components arc observed. Tho errors of the fixed points of tho thermometer ami its calibration errors enter tho equation among tho correction factors a, 0, etc., and do not concern us in the present discussion. In order to determine the probable error of o,, the temperature of the bath may bo caused to rise uniformly, through a range that includes ot, by passing a constant current through an electric healing coil, or the bath may be allowed to cool off gradually by radiation. In either case the rate of chango of temperature should bo nearly tho same as prevailed when o, was observed. A scries of corresponding observations of the time T and tho tomperaturo t are mado under these conditions, and tho empirical relation botweon T and t is determined graphically or by tho method of least squares. Tho probable error of ot may bo assumed to bo equal to the probftblo error of a single observation of I in tins series, and may bo computed by equation (9-1), article sixty-four.
Some of the correction factors a, /3, etc., appearing as components in equations (112) and (120), represent subsidiary observations, and some of them represent physical constants. Tho subsidiary observations may be treated by the methods outlined above. When tho highest attainable precision is desired, tho physical constants, together with their probable errors, must bo determined by special investigation. In less exact work they may be taken from tables of physical constants. Such tabular values seldom correspond exactly to tho conditions of tho experiments in Imnd and their probable errors arc seldom given. Generally a considerable range of values is given, and, unless